Transduction Channels’ Gating Produce Friction Forces that Dominate Viscous Drag on Vibrating Hair-Cell Bundles  by Bormuth, Volker et al.
330a Monday, February 4, 20131687-Pos Board B579
Functional Compatibility between Purkinje Cell Axon Branches and their
Target Neurons in the Cerebellum
Jin-Hui Wang, Zhilai Yang, Hao Qian, Na Chen.
Institute of Biophysics, Chinese Academy of Sciences, Beijing, China.
Each neuron sprouts axonal branches and innervates numerous cells that are di-
vergent in activity. The activity strengths of these axonal branches are ideally
differentiated to be compatible with their target cells so that a neuron efficiently
regulates postsynaptic cells. We studied this hypothesis in the cerebellum
where a main axon of Purkinje cell projects to deep nucleus cells and recurrent
axons innervate adjacent Purkinje cells. The fidelity of spike propagation is su-
perior in recurrent branches than main axon; and the abilities of encoding
spikes and processing GABAergic inputs are advanced in Purkinje cells versus
deep nucleus cells. Hence, the functional strengths are differentiated among
Purkinje cell axon branches and among their target cells. In addition, the func-
tional states between presynaptic and postsynaptic partners are proportionally
correlated, i.e., active axonal branches innervate active postsynaptic cells, or
vice versa. Computational simulation indicates that their functional compatibil-
ity makes the neurons in microcircuits being activated appropriately. Therefore,
each cerebellar Purkinje cell differentiates its axonal branches to be function-
ally compatible with their target cells in order to form a homeostatic and effi-
cient unit.
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Study of Probable Retinal Change in the Epileptic Patients using
Electrooculogram
Mahyar Mollajafar, Seyed Mohammad, Masoud Shushtarian,
Sogand Sahari.
Tehran Medical Branch,Islamic Azad University, Tehran, Iran, Islamic
Republic of.
Aim: Epilepsy describes a condition in a person have recurrent seizures due to
a chronic, underlying process. Epilepsy, which is the most common chronic
neurologic condition, affects individuals of all age with a peak incidence in
childhood and in the elderly. The aim of present work is to look for probable
retinal change in the epileptic patients using Electroocculogram.
Materials and Methods: in present cross-sectional study, 50 subjects (without
visual problem) including 25 with epilepsy and 25 without epilepsy were se-
lected and the EOG test was examined in total population.
Results: The mean Arden index was 2.2250.2 in case group and 2.2450.1 in
control group indicating no significant difference (p=0.825)
Conclusions: based on results obtained in present study ,it may be concluded
that epilepsy would not affect the retina and therefore retinal changes which
will be discussed in detail in full paper.
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Study of Probable Retinal Change in the Epileptic Patients using
Electroretinogram
Sogand Sahari, Seyed Mohammad, Masoud Shushtarian,
Mahyar Mollajafar.
Tehran Medical Branch,Islamic Azad University, Tehran, Iran, Islamic
Republic of.
Aim: Epilepsy describes a condition in a person have recurrent seizures due to
a chronic, underlying process. Epilepsy, which is the most common chronic
neurologic condition, affects individuals of all age with a peak incidence in
childhood and in the elderly. The aim of present work is to look for probable
retinal change in the epileptic patients using Electroretinogram.
Materials and Methods: in present cross-sectional study, 50 subjects (without
visual problem) including 25 with epilepsy and 25 without epilepsy were se-
lected and the ERG test was examined in total population.
Results: The mean voltage of ERG b-wave was 42.650.2 microvolt in case
group and 42.8050.3 microvolt in control group indicating no significant dif-
ference (p=0.741).The mean latency of ERG was 104.551.25 millisecond in
case and 103.8451.38 millisecond in control group indicating no significant
difference(p=0.866).
Conclusions: based on results obtained in present study, it may be concluded
that epilepsy would not affect the retina and therefore retinal changes which
will be discussed in detail in full paper.
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Study of Changes in the B-Wave of Electroretinogram in Early Detection
of Organic Amblyopia in Children
Shadi-Safargholi1, Seyed Mohammad Masoud Shushtarian1,
Ahmad Shojae2.
1Tehran Medical Branch, Islamic Azad University, Tehran, Iran, Islamic
Republic of, 2Baghiatolah university of medical sciences, Tehran, Iran,
Islamic Republic of.Background: Amblyopia or Lazy eye is a common problem among children
and indicating the existence of underlying diseases such as strabismus or refrac-
tive error, and therefore its diagnosis and treatment is needed, to prevent com-
plications in the visual system and therefore, identifying and treating these
children is an important task. One of the methods proposed is the use of elec-
trophysiological tests mainly Electroretinography (ERG), ERG deals with ret-
ina of visual system. The aim of present research is an attempt to survey the
retina of these patients and look for possible changes in b wave of ERG pattern.
Methods: 50 children with organic amblyopia were enrolled in this study, the
demographic information of the patients was recorded in a list prepared for this
purpose. The ERG, mainly the b wave was measured in the patient population.
The results obtained were analyzed by software SPSS19.
Results: The mean voltage of b wave in case and control group was. 34.88 and
90.96 mv respectively. The difference between the two groups is statistically
significant (P<0.05),however, the latency in patients and healthy population
was 86.56 and 43.6 msec respectively, which is statistically significant
(P<0.05)too.
Conclusion: In general we can conclude that ERG test; provide useful informa-
tion about retina of the children suffering from amblyopia which will be dis-
cussed in the manuscript in detail.
Keywords: Amblyopia, children, ERG b-wave
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Effect of Hydroxychloroquine on Visual System in Patients with Systemic
Lupus Erythematosus using Visual Evoked Potential
Farzaneh Rahmatyzahed, Ziba Karimi, Ziba Karimi, Seyed Mohammad,
Masoud Shushtarian, Somayeh Arabi, Zinab Mizban.
Tehran Medical Branch,Islamic Azad University, Tehran, Iran, Islamic
Republic of.
Aim: This study was performed to determine the effect of Hydroxychloroquine
on visual system in patients with systemic lupus erythematosus.
Materials and methods: In a cross -sectional study, 50 subjects (without visual
problem and seizure) including 25 with and 25 without systemic lupus erythe-
matosus under treatment with chloroquine were selected. Visual evoked poten-
tial test was performed in two groups.
Results: The mean amplitude was 6.04 in case and 5.84 m;- i˛1/2 co˛1/
2;"roD gro;..p uhich shous ˛1/2o s;"a;"is;"icaDDc sig˛1/
2ifica˛1/2;" diffεrε˛1/2cε.
The mean latency was 100.50 in case and 95.35 msec in control group which is
not statistically significant.
Conclusion: Based on the result of present work one can conclude that hydrox-
ychloroquine has no adverse effect on visual pathway which will be discussed
in detail in full paper.
Auditory Biophysics
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Transduction Channels’ Gating Produce Friction Forces that Dominate
Viscous Drag on Vibrating Hair-Cell Bundles
Volker Bormuth1, Je´re´mie Barral1, Frank Ju¨licher2, Pascal Martin1.
1Institut Curie, Paris, France, 2MPIPKS, Dresden, Germany.
Hearing begins when sound-evoked vibrations of the hair-cell bundle change
the open probability of mechanosensitive transduction channels. A dynamic in-
terplay between channel gating and Ca2þ-dependent adaptation can give rise to
spontaneous hair-bundle oscillations and frequency-selective amplification of
sinusoidal inputs. As for any micromechanical device, friction is critical to
the performance of the hair bundle. Here we performed dynamic force mea-
surements to decipher the different contributions to hair-bundle friction.
We used flexible glass fibers as force sensors to deflect single oscillatory hair
bundles from the bullfrog’s sacculus. In response to a symmetric triangular
waveform of motion, the force-displacement relation followed a hysteretic cy-
cle; friction forces were deduced from the cycle width along the force axis. At
low velocities of bundle motion, friction could be negative, a signature of the
active process that drives spontaneous hair-bundle oscillations. When moving
at velocities high enough to outrun adaptation, however, we found that fric-
tion became positive with a maximum within the narrow region of displace-
ments where the channels gate. Strikingly, friction was significantly reduced
in the presence of a channel blocker (gentamicin). From this reduction, we es-
timated that channel gating contributed frictional forces 3-5 fold larger than
those of hydrodynamic origin. In accordance with these measurements, in-
creasing endolymph viscosity by thirty-fold had only a mild effect on active
hair-bundle movements. A physical description of active hair-bundle mechan-
ics that accounts for the finite activation kinetics of the transduction channels
(t ¥1 ms in frog) could quantitatively reproduce the data from both
experiments.
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bundle friction. Channel properties, but not endolymph viscosity, control
damping of hair-bundle movements. Channel friction in turn helps setting the
sensitivity and the characteristic frequency of the hair-bundle amplifier.
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Higher-Order Mode-Locking and Phase Slips in Hair Cell of the Inner Ear
Yuttana Roongthumskul, Dolores Bozovic.
University of California, Los Angeles, Los Angeles, CA, USA.
Auditory system is known for its exquisite sensitivity, displaying sub-
nanometer detection thresholds. Mechanical deflections evoked by external
sound and ground vibrations are converted by the inner ear hair cells into elec-
trical signals. In some species, hair cell bundles exhibit spontaneous oscilla-
tions under in vitro conditions. In Bullfrog sacculus, the oscillation profile is
consistent with relaxation-type oscillation, in which a rapid motion of a bundle
is followed by a slow drift along the same direction. A large number of hair
bundles also show more complex temporal profiles, with quiescent intervals in-
terspersed with bursts of oscillation. We study the dynamics of phase-locking
of individual hair bundles to low-amplitude mechanical stimulations, where the
amplitude of the oscillations remains unaffected by the stimulus. Under low-
frequency stimulation, the signal entrains the bundle motility via higher-
order mode-locking. The applied signal modulated both the quiescent intervals
and the oscillatory bursts, across a broad range of frequencies. We compare
these experimental findings with results from numerical simulations.
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Self Tuning of Hair Cell Bundle after Prolonged Deflection
Albert Kao, Sebastiaan W.F. Meenderink, Dolores Bozovic.
UCLA, Department of Physics and Astronomy, los angeles, CA, USA.
Active hair bundle motility is one of the signatures of the amplification mech-
anism in non-mammalian hair cells. Here we impose high-amplitude deflec-
tions on the hair bundle for 0.1-50 seconds. Due to incompleteness of the
adaptation mechanism, this is expected to change the opening probability of
the transduction channels, thus mechanically bringing the bundle out of its
equilibrium state. Recovery of hair bundle motion was characterized, and the
effects of calcium on the feedback mechanism were investigated. Traces of
hair bundle motility recorded immediately post stimulation show a slow drift
towards the equilibrium position, without oscillatory motion. Bundles recover
their innate oscillation between 0.1 - 1 second after cessation of the stimuli, and
the quiescent time (Tq) shows a strong dependence on stimulus duration. Re-
laxation of hair bundles is fitted by the sum of two exponentials. The shorter
of the time constants is found to be in the range ~20-50 ms, consistent with
myosin-motor dynamics. The longer time constant is significantly slower,
~0.5-1 s. Decreased calcium concentration leads to a slower spontaneous oscil-
lation, consistent with prior results in the field. The quiescent interval induced
by deflection of hair bundles in a low-calcium environment is shorter, recover-
ing more rapidly post stimulus cessation. Blockage of the extrusion pumps that
regulate its concentration inside the stereocilia was likewise seen to prolong the
induced quiescence, indicating that calcium accumulation may underlie the
suppression of spontaneous motility.
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FLIM-FRET Measurements of Voltage Dependent Conformational
Changes in the Outer Hair Cell Motor Protein Prestin
Shinji Strain, Guillame Duret, Chance Mooney, Robert M. Raphael.
Rice University, Houston, TX, USA.
Cochlear sensory cells, outer hairs cells (OHCs), elongate and contract in re-
sponse to changes in transmembrane potential. This electromotility is important
for auditory frequency selectivity and sensitivity and is believed to be driven by
a motor protein, prestin, which is highly expressed within the membrane of
OHCs. Experiments have shown that prestin undergoes self-association leading
to the observation that oligomerization might be important for proper function.
We have previously utilized acceptor photobleach fluorescence resonance en-
ergy transfer (FRET) to study pretin-prestin interactions in living cells. How-
ever, traditional FRET, based upon detection of fluorescence intensity, is
inherently subjected to artifacts that arise from variations in excitation inten-
sity, photobleaching, and fluorophore concentration. We have recently imple-
mented fluorescence lifetime imaging microscopy (FLIM) to perform robust
FLIM-FRET measurements in HEK cells cotransfected with prestin-TFP and
prestin-YFP. FRET efficiency was calculated by fitting the lifetime decay of
prestin-TFP in cells clamped at various holding potentials. High FRET efficien-
cies were measured at hyperpolarized potentials, and low FRET efficiencies
were measured at depolarized. The results indicated that changes in the trans-
membrane potential induce a conformational change in prestin that can be de-
tected by FLIM-FRET. Thus, FLIM-FRET can provide a sensitive assay for the
mechanical correlate of prestin function.1696-Pos Board B588
Effect of Non-Steroidal Anti-Inflamatory Drugs on the Outer-Hair Cell
Protein Prestin
Guillaume Duret, Robert Raphael.
Rice University, Houston, TX, USA.
Physiologically, high doses of salicylate can cause reversible hearing loss and
tinnitus, potentially because of the impact on prestin function. Prestin is a mem-
ber of the SLC26 family which regroups anion antiporters, and is essential to
the electromotility of the outer-hair cells. Other NSAIDs can trigger side effects
related with hearing and cause tinnitus. Although ototoxicity can be due to the
interaction of these medicines with any sensitive part of the hearing system, we
are investigating a possible prestin-related mechanism for these adverse
reactions.
The coupling between electromotility and the non linear capacitance of prestin
(NLC) has established the NLC as a surrogate measure of prestin function. We
assessed the effect of ibuprofen, acetaminophen and naproxen, as well as the
salicylate-derivatives diflusinal and piroxicam on prestin functions. All
NSAIDs tested, except piroxicam, triggered a voltage-shift of the NLC. More-
over, ibuprofen and diflusinal had a significant impact on prestin’s charge den-
sity. The presence of 2 mM diflusinal decreased the charge density by over 50%
which could suggest a competition with Cl- ions. The perfusion of 6mM ibu-
profen, on the other hand, increased the charge density by 20%, suggesting a de-
crease in membrane lateral pressure.
Thus, NSAIDs induce alterations in the function of prestin which are compat-
ible with hearing alteration. The NSAID-induced shift in the NLC can modify
the capacitance of the OHC at resting potential, which in turn can impact hear-
ing. We also witnessed a correlation between the V1/2-shift and the pKas of the
NSAIDs which suggests that the charges brought to the membrane by the
NSAIDs are responsible for the alteration in V1/2.
[Funding: NIH Grant R01 DC009622]
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Measurement of the Organ of Corti Mechanical Responses using a New
Microchamber
Jong-Hoon Nam, Talat Jabeen, Alexander P. Ringo, Daniel Marnell.
University of Rochester, Rochester, NY, USA.
The mammalian cochlea is an acoustic spectrum analyzer and pressure trans-
ducer with a remarkable operating range. In the cochlear sensory epithelium
called the organ of Corti (OC), cellular mechanical force is transmitted to select
and amplify acoustic vibrations. However, the amplification mechanism is still
unclear. Diverse experiments in cochlear research have been developed to clar-
ify the mechanics and physiology of the OC, but most experiments share some
concerns (e.g., non-physiological electrical and chemical conditions of in vitro
experiments; limited means of control over the subject of in vivo tests). Further-
more, most available data of cochlear mechanics are from the basal (high fre-
quency) region.
We developed a new microchamber system to overcome the limitations. The
microchamber has two ports for solution circulation, two ports for sound deliv-
ery and exit, two slits for magnetic pole tips, a port for a ground electrode, and
a slit for the cochlear tissue placement. An 800 mm long sensory epitheliumwas
harvested from young (7-11 days old postnatal) gerbil cochlea. The tissue was
transplanted to the microchamber. The tissue separated two fluid spaces filled
and refreshed with different ionic solutions imitating the original chemical con-
ditions of the endolymph and the perilymph. A target bead was attached to the
tectorial membrane (an acellular matrix on top of the OC). Acoustic pressure
was delivered through the bottom chamber and the motion of the target bead
was measured using a laser interferometer (along the optical axis) and photo-
diodes (in transverse plane). The motion trajectory was analyzed with our com-
putational model of the OC.
[Supported by NSF CMMI grant]
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Analysis of Free Energy of Opening the Troponin C Binding Pocket for
Troponin I using Microsecond Molecular Dynamics Simulations
Steffen Lindert, Pete Kekenes-Huskey, J. Andrew McCammon.
UCSD, La Jolla, CA, USA.
Troponin (Tn), part of the thin filament in cardiomyocytes, plays an important
role in calcium signaling events in cardiac muscle contraction. It acts as a
Ca2þ-dependent switch, activating and deactivating the myofilament leading
to contraction and relaxation of the muscle cell. An important mechanism in
the regulation of contraction is the opening up of the TnC hydrophobic patch
to allow TnI to bind. We performed microsecond molecular dynamics simula-
tions of TnC and two of its mutants (V44Q, E40A) in different states of calcium
